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Abstract 

Background: Removable plug insoles appear to be beneficial for patients with diabetic neuropathic feet to offload local 
plantar pressure. However, quantitative evidence of pressure reduction by means of plug removal is limited. The value of 
additional insole accessories, such as arch additions, has not been tested. The purpose of this study was to evaluate the 
effect of removing plugs from foam based insoles, and subsequently adding extra arch support, on plantar pressures. 

Methods: In-shoe plantar pressure measurements were performed on 26 patients with diabetic neuropathic feet at 
a baseline condition, in order to identify the forefoot region with the highest mean peak pressure (MPP). This was 
defined as the region of interest (ROI) for plug removal.The primary outcome was measurement of MPP using the 
pedar® system in the baseline and another three insole conditions (pre-plug removal, post-plug removal, and post- 
plug removal plus arch support). 

Results: Among the 26 ROIs, a significant reduction in MPP (32.3%, P<0.001) was found after removing the insole 
plugs. With an arch support added, the pressure was further reduced (9.5%, P<0.001). There were no significant 
differences in MPP at non-ROIs between pre- and post-plug removal conditions. 

Conclusions: These findings suggest that forefoot plantar pressure can be reduced by removing plugs and adding 
arch support to foam-based insoles. This style of insole may therefore be clinically useful in managing patients with 
diabetic peripheral neuropathy. 

Keywords: Diabetic foot, Plantar pressure, Offloading, Insole 



Background 

Plantar ulceration is a crucial issue in diabetic popula- 
tions as it frequently leads to subsequent infection and 
amputation of the lower extremities [1]. Elevated plantar 
pressure is an important causative factor for ulceration 
in patients with neuropathic feet [2]. Therefore, pressure 
reduction in the wound area or regions with excessive 
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plantar pressure is thought to be a key factor in both fa- 
cilitation of wound healing and ulcer prevention [3,4]. 
To achieve pressure reduction, two offloading tech- 
niques are commonly used: one is to relieve the exces- 
sive pressure just under the target region (such as 
skiving the foam of the wound-isolation total contact 
cast) and another method is to add insole accessories 
(such as a dome or an arch) to redistribute the pressure 
away from the target region [5,6]. 

Insoles are often prescribed for pressure offloading in 
patients either with active ulcers or without current ul- 
cers but with high plantar pressure [7]. A total contact 
cast, removable cast walker, and offloading modalities 
with removable plugs, such as the DH Pressure Relief 
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Walker iM or Shoe iM (Royce Medical Co., CA, USA)and 
the Peg-Assist Insole™ (Darco International Inc., WV, 
USA) are currently used clinically [2,7-9]. Although the 
total contact casts are currently considered the gold 
standard for wound pressure offloading via load transfer 
and pressure redistribution, more cost-effective and sim- 
pler alternative methods could also be practical in clin- 
ical settings [7,10]. Recently, Raspovic et al. reported 
quantitative evidence of pressure reduction using the 
DH Pressure Relief Shoe™ in patients with diabetic 
neuropathic feet [7]. In their study, insole plugs were re- 
moved under the site of a current ulcer in one patient, 
the site of a previous ulcer that had healed in 3 patients, 
and under the 1 st metatarso-phalangeal joint in 10 pa- 
tients who had no ulcer history but had high plantar 
pressure. Plantar pressure analysis revealed significant 
pressure reduction when compared to control shoe and 
to participants' standard diabetic shoe. It has been sug- 
gested that offloading modalities with removable plug 
design, including walkers and shoes, may be useful in 
clinical practice [7,8]. In previous studies, the pressure 
reduction effect was regarded as a summation of all the 
modality components: the walker /shoe, the cushioning 
insole, and the "cavity" formed after removing plugs 
from the insole. Plug removal is thought to be the key 
element for offloading the target region in modalities 
with this kind of design. However, the individual effect 
from this procedure has seldomly been evaluated and no 
comparative studies of plantar pressure difference before 
and after plug removal have been published. Further- 
more, the value to use additional insole accessories such 
as an arch support in insoles with removable plug design 
has not been tested. Therefore, the aim of this study was 
to evaluate the following effects on plantar pressure by: 
(i) insole plug removal; and (ii) additional use of an arch 
support in patients with diabetic neuropathic feet. 

Methods 

Patients 

This study used a within- subject, repeated measures de- 
sign. Calculation of required sample size based on an 
90% probability to detect a clinically meaningful differ- 
ence before and after interventions of 100 kPa in mean 
peak pressure (standard deviation of 100 kPa and alpha 
set at 0.05 ) was performed using the SamplePower® soft- 
ware (version 2.0, SPSS, Inc., Chicago, IL, USA) and it 
showed that at least 22 patients were needed. There 
were 26 patients (10 men and 16 women aged 68 ± 9 
[mean ± S.D.] years with height 159± 9.0 cm, weight 
64.6 ± 9.6 kg, and BMI 25.4 ± 3.5 kg/m 2 ) who fulfilled 
the inclusion criteria for previously diagnosed type 2 dia- 
betes with neuropathic feet and all were recruited from 
the outpatient endocrinology and metabolism division of 
Taichung Veterans General Hospital in central Taiwan 



(Table 1). Foot neuropathy was confirmed by the inabil- 
ity to feel the pressure of a 10-g monofilament at one or 
more of six plantar foot sites and by the 128Hz tuning 
fork testing with two or more insensate responses 
[11-13]. The exclusion criteria were: (i) history of lower 
extremity amputation, (ii) difficulty in walking more 
than 100 m without a walking aid, and (iii) history of 
lower limb surgery in the past six months which may 
affect walking. Three patients had a history of previous 
plantar ulceration with satisfactory healing (a total of 4 
feet, 3 on the left side and 1 on the right side), no pa- 
tients had an active wound at examination, and 6 pa- 
tients had hallux valgus. The mean Diabetic Neuropathy 
Examination (DNE) score was recorded [14]. This study 
was approved by the Clinical Research Ethics Committee 
of Taichung Veterans General Hospital and all partici- 
pants signed a consent form before participating in the 
study. 

Pressure measuring equipment 

An in-shoe plantar pressure evaluation system (pedar @ -X, 
Novel, GmbH, Munich, Germany) with a sample fre- 
quency of 50 Hz was used to search for areas with high 
plantar pressure. The j9edar @ -X system is a reliable, valid 
measuring system that is widely used in foot pressure 
research [7,15,16]. The ^edar® insoles size was deter- 
mined according to each individual's shoe size and cali- 
bration of the insole sensors was performed before data 
sampling. 

Measuring protocol 

The experimental design of in-shoe plantar pressure 
measurement was performed based on a previously de- 
scribed protocol [17]. Briefly, before the data collection, 
the patients walked along a 12-m walkway at a self- 
selected speed several times. The patients then followed 
the same procedure and plantar pressure was recorded. 
A minimum of 30 mid-gait steps were recorded from 
eight walking trials for each patient. Walking speed was 
kept constant between trials (maximum 5% deviation) by 
measuring between markers using a stopwatch. Data 



Table 1 Patients' characteristics (N 


= 26) 


Characteristic 


Value: means ± SD 


Age in years 


68 ± 9 (46 to 85) 


Gender (Male: Female) 


10:16 


Height (cm) 


159 ± 9.0 (150 to 178) 


Weight (kg) 


64.6 ± 9.6 (46 to 87) 


BMI (kg/m 2 ) 


25.4 ±3.5 (19.5 to 32.7) 


Duration of diabetes (years) 


12.6 ±7.6 (4 to 30) 


HbA1c (%) 


7.4 ± 1 .3 (6 to 1 1 .3) 


Mean DNE score 


5.15 ± 1.80 (3 to 10) 



DNE Diabetic Neuropathy Examination. 
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from the left foot alone was selected for analysis in order 
to avoid dependency- related effects when using both feet 
from the same individual [7,18]. 

Insoles 

In the experiment, insoles with removable plugs were used 
(Dr. Foot Technology Co., Taiwan, R.O.C., Figure 1). 
These insoles consisted of three layers: 3 mm Shore A 35° 
EVA in the first layer, 2 mm velcro and velvet in the sec- 
ond layer, and 6 mm Shore A 50° PORON® in the third 
layer. The PORONP layer has a grid matrix design with 
small, removable square plugs measuring lxl cm 2 . Insoles 
with plugs removed have small holes with exposed edges 
which could potentially cause discomfort if there is no 
wound dressings positioned between the foot-insole inter- 
face. Therefore, the manufacturer suggested that patients 
with ulcer wounds should use the insoles with the plugs- 
removed PORON® layer face up as well as the wound 
dressings positioned between the wound and insole. For 
patients with no current plantar ulcer, the insole should 
be flipped over with the EVA layer on the top for local 
interface reduction (Fig ures 2a and 2b). In this way, the 
vulnerable foot can benefit from pressure offloading and 
also avoid the possible discomfort in the plantar foot area. 

Footwear conditions, mask analysis, and plugs removal 

All subjects wore a pair of uniform socks and standard 
diabetic shoes (Xtra Depth leather shoes, Dr. Foot Tech- 
nology Co., Figure 3) throughout the study. Four insole 
conditions were tested (Figure 4): 

i) baseline (a flat thin stock insole with 6 mm Shore A 
50° EVA ); 

ii) pre-plug removal (insoles with removable plugs 
which had not yet been removed); 

iii) post-plug removal; 




Figure 1 The plug removable insole and the arch support. The 

square plugs were removed from under the MT2-3 area. 

V ) 



iv) post-plug removal plus arch support (a prefabricated 
arch support made from latex, stuck to the insole 
using a twin adhesive tape, Figures 1 and 4). 

In the post-plug removal plus arch support condition, 
an arch support of various sizes was put under the talus, 
navicular, and base of the first metatarsal bone to sup- 
port the medial longitudinal arch of the foot and the size 
was chosen to make the foot approaching subtalar neu- 
tral position as much as possible. In this experiment, the 
patients were informed that there will be four different 
kinds of insole conditions. However, what the four insole 
conditions will be, the configurations, and possible 
biomechanical effects, were not told. The footwear was 
taken to the participants after the insole was already put 
into the shoe. The baseline condition was tested first to 
mask the plantar area into five regions based on a previ- 
ous described protocol: hallux, metatarsal 1 (MT1), 
metatarsal 2-3 (MT2-3), metatarsal 4-5 (MT4-5), and 
midfoot [19]. The plantar pressure data in each region 
were analyzed and averaged within the pedar® program. 
The forefoot region with the highest mean peak pressure 
(MPP) value of each foot was considered to be the re- 
gion of interest (ROI). The remaining forefoot area was 
considered to be the non-ROI. After determination of 
the ROIs, the plugs corresponding to the ROIs were 
then removed for the post-plug removal and post-plug 
removal plus arch support conditions. After the baseline 
condition was tested, the other three experimental condi- 
tions were tested in random order using a random order 
sequence generated by Microsoft Excel software. Each 
subject was asked to take a rest between experiments. 

Outcome measures 

The primary outcome measures were MPP, maximum 
force, and contact area beneath the ROI area in the four 
insole conditions. Secondary outcome measures were 
MPP, maximum force, and contact area beneath the 
non-ROI and midfoot area in the four insole conditions. 
To ensure the consistency of walking speed, the contact 
time of the whole foot was also recorded for analysis. 

Statistical analysis 

Analyses were performed using the Statistical Package for 
the Social Sciences (version 15.1; SPSS, Inc., Chicago, IL, 
USA). The data was explored for normality of distribution 
before analysis and was within normal limits. ANOVA 
with repeated measures was performed to explore the sig- 
nificance of insole conditions for ROIs, non-ROIs, and the 
midfoot area. The overall means of all the variables were 
calculated, and a pairwise comparison of differences be- 
tween conditions for those variables that were significant 
was run using the post hoc test of least significant differ- 
ence with a significance level of a = 0.05. 
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3mm 35° 
EVA 
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j- velcro & 

\^ velvet 
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Figure 2 Coronal section view of the insole, (a) The plug-removed insole for an ulcerative foot. * A wound under MT2-3 area. # Wound 
dressings between the wound and insole, (b) The plug-removed insole for a foot without current ulcer. 



Results 

Contact time (whole foot) 

There were no significant differences in contact time be- 
tween conditions, which indicated the patients walked at 
a consistent speed during the experiments (Table 2). 

Mean peak pressure differences 

A total of 26 ROIs (262.5 ± 64.9 kPa) were identified 
from the 26 patients in the mask analysis at baseline 
condition. There were 5 ROIs at the hallux, 7 ROIs at 
MT1, and 14 ROIs at MT2-3. In 22 of the 26 ROIs, 
MPPs at baseline were higher than 200 kPa (276.9 ± 




58.4 kPa) and in 6 of the 26 ROIs, MPPs were higher 
than 300 kPa (358 ± 42.7 kPa). For the 3 feet with a 
history of plantar ulcer, the locations of ROIs were 
found to be identical to the previous wound sites and 
all were under the MT1 area. 

Figure 5 and Table 3 provide data related to MPP 
changes in the four insole conditions. The adjusted 
MPPs at ROIs for the baseline condition, pre-plug re- 
moval condition, post-plug removal condition, and post- 
plug removal plus arch support condition were 262.5 ± 
64.9, 221.4 ± 50.3, 149.9 ± 34.8, and 135.6 ± 31.9 (kPa), 
respectively. A significant difference at ROIs between 
conditions was found (p <0.001). The comparison be- 
tween the post-plug removal and the pre-plug removal 
conditions showed a significant reduction in MPP 
(32.3%, p <0.001) at ROIs. With an arch support added, 
the values were further reduced (MPP: 9.5%, p <0.001). 
For the region of non-ROIs, a significant difference in 
MPP was found between conditions (p =0.002), but 
there were no significant differences when the pre-plug 
removal condition was compared with the post-plug 
removal condition (159.2 ± 26.8 kPa vs. 162.7 ± 30.2 kPa; 
p = 0.408). A significant difference was found when the 
baseline condition was compared with each of the rest 3 
conditions (comparison between the pre-plug removal 
and the baseline condition: 8.7% reduction, p <0.001; com- 
parison between the post-plug removal and the baseline 
condition: 6.7% reduction, p =0.03 ; and comparison be- 
tween the post-plug removal plus arch support and the 
baseline condition: 9% reduction, p =0.01). For the 
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Figure 4 The four insole conditions. Bottom view (i to iv) and superior view (v) of the insole conditions: (i) baseline; (ii) pre-plug removal; 
(iii) post-plug removal (the plugs were removed under the MT2-3 region in this example); and (iv) post-plug removal plus arch support. The 
superior view of post-plug removal plus arch support condition (v) shows an arch support stuck to the EVA layer. Because all patients had 
no current ulcer in the experiment, the PORON® plug layer (blue color) was put facedown. 



midfoot area, there were no significant differences in MPP 
between conditions (p =0.052). 

Maximum force 

Data of maximum force changes in the four conditions 
are also shown in Figure 5 and Table 3. Significant dif- 
ferences at the ROI, non-ROI, and midfoot were found 
between conditions (all p <0.05). The comparison of 
maximum force between the post- and pre-plug removal 
condition showed a significant decrease at the ROI 
(12.2%, p =0.001) and increase at the non-ROI (6.2%, 
p =0.004). With an arch support added to the post-plug 
removal condition, the maximum force was reduced at 
both ROIs and non-ROIs (9% and 6.3%, respectively, 
both p <0.001) but elevated at the midfoot region 
(42.6%,/? <0.001). 

Contact area 

There were no significant differences in contact areas at 
ROIs between conditions (p =0.612). Significant differ- 
ences were found at non-ROIs and the midfoot region 



Table 2 Mean (SD) contact time for each of the 
conditions (N = 26) 



Condition 


Contact time 
(ms) (whole foot) 

Mean 


SD 


1. Baseline 


723.2 


71.4 


2. Pre-plug removal 


724.4 


73.1 


3. Post-plug removal 


721.6 


71.2 


4. Post-plug removal plus arch support 


697.2 


86.6 



Note: no significant difference of contact time between conditions. 



between conditions (p =0.029 and p <0.001, respectively). 
For the non-ROIs region, significant increases were found 
when the post-plug removal plus arch support condition 
was compared to the baseline condition (3.6%, p =0.035) 
and to the pre-plug removal condition (3.4%, p =0.037). 
An increased area of midfoot contact was observed 
when the post-plug removal plus arch support condi- 
tion was compared to the post-plug removal condition 
(51.5%,/* <0.001, Figure 5 and Table 3). 

Discussion 

The main findings of the present study suggest plantar 
pressure reduction in patients with diabetic neuropathic 
feet can be achieved by removing the insole plugs and 
further optimized with additional arch support use. In 
this trial, all of the 26 patients completed the whole ex- 
perimental course without discomfort in the legs or feet. 
The baseline MPP mean ± S.D. was 262.5 ± 64.9 kPa 
and most of the ROIs (22 of the 26) were above the level 
of 200 kPa, which is considered to be the value requiring 
further modification and offloading [4,17]. However, 
after the removal of insole plugs, the MPPs were re- 
duced below 200 kPa in 23 of the 26 ROIs and in all 26 
ROIs after addition of the arch support. Studies have 
shown that high plantar pressure is a prime risk factor 
for diabetic foot ulceration [20,21]. By relieving mechan- 
ical pressures over the plantar tissue, local blood perfu- 
sion may be increased and the ischemic state could 
decrease immediately within a wound healing environ- 
ment [22]. Therefore, it is reasonable to postulate that 
this pressure offloading method may reduce the risk of 
ulceration occurrence or recurrence. However, further 
clinical research using prospective study designs is 
needed to support this postulation. 
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Figure 5 Mean peak plantar pressure (MPP), maximum force, and contact area in the four insoles conditions. 



Previous studies revealed that therapeutic modalities 
with removable plug design including the walkers and 
shoes can offload the excessive plantar pressure [7,8]. It 
is reasonable to suppose that in modalities such as the 
DH Pressure Relief Walker™ or Shoe™, the reduction in 
pressure results from the combined effect of plug re- 
moval, the cushioning pressure-redistributing insole, and 
the shoe/walker, which share the mechanical load. How- 
ever, the individual effect contributed by each compo- 
nent is unclear. In our study, we compared the plantar 
pressure before and after plug removal. Marked reduc- 
tions of MPP (32.3%) in the ROIs were noted in the cor- 
responding forefoot region. Having conducted this 
study, we believe that procedures to remove the plugs 
could play a crucial role in pressure offloading. After 
plugs are removed from an insole, a "cavity" will form 
which may cause less weight load in the ROI area and 
more weight load in the remnant foot regions, especially 
the adjacent non-ROI. This mechanism likely explains 
why pressure in the ROI area decreased after plug re- 
moval. Meanwhile, it is important to monitor excessive 



plantar pressure elevation in non-ROIs after the removal 
procedure because offloading of pressure in the ROIs 
may lead to increases of pressure in non-ROIs. The ex- 
perimental outcome disclosed that maximum force 
slightly increased in non-ROIs and decreased in ROIs 
after the plugs were removed. However, no significant 
differences of MPP in non-ROIs were observed between 
the pre- and post-plug removal conditions. These results 
suggest that the possibility of a hammock effect caused 
by offloading in ROIs with plugs removal may be minor 
and not obvious with regard to plantar pressure change. 

Insole configuration is also important for plantar pres- 
sure redistribution. An arch pad is often used in clinical 
practice for support of the medial midfoot area, which is 
thought to be capable of bearing a load safely and reliev- 
ing the excess pressure from the remaining plantar foot 
area [6]. However, it has seldom been used in combin- 
ation with a removable plug insole and the level of effi- 
ciency has not been previously reported. In this study, 
significant reductions of MPP in ROIs (9.5%) after 
addition of an arch support to the post-plug removal 
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Table 3 Comparison between the insole conditions for mean peak pressure, maximum force, and contact area (N = 26) 
ROI 



Comparison 
between 
insole 
conditions 



Mean difference in mean 
peak pressure (kPa) and % 
change between conditions 



Mean difference in maximum force 
(% body weight) and % change 
between conditions 



Mean difference in contact 
area (cm 2 )and % change 
between conditions 



Comparison 


Mean 
difference 


change * p-Value of 

post hoc test 


Mean 
difference 


change * 


p-Value of 
post hoc test 


Mean 
difference 


change * 


p-Value of 
post hoc test 


1 vs. 2 


41.1 


-15.7% <0.001 


0.2 


-0.3% 


0.671 


0.3 


+2.5% 


NA* 


2 vs. 3 


71.5 


-32.3% <0.001 


4 


-12.2% 


0.001 


0.5 


-4% 


NA* 


3 vs. 4 


14.3 


-9.5% <0.001 


2.6 


-9% 


<0.001 


0.2 


+1.7% 


NA* 




Repeated measure ANOVA between 
conditions: p < 0.001 


Repeated measure ANOVA between 
conditions: p < 0.001 


Repeated measure ANOVA between 
conditions: p = 0.612 


Non-ROI 


Comparison 


Mean 
difference 


change * p-Value of 

post hoc test 


Mean 
difference 


change * 


p-Value of 
post hoc test 


Mean 
difference 


change * 


p-Value of 
post hoc test 


1 vs. 2 


15.2 


-8.7% <0.001 


0.2 


-0.3% 


0.880 


0.1 


+0.2% 


0.862 


2 vs. 3 


3.6 


+2.2% 0.408 


3.8 


+6.2% 


0.004 


0.8 


+1.6% 


0.169 


3 vs. 4 


4.2 


-2.5% 0.304 


4.1 


-6.3% 


<0.001 


0.9 


+1.8% 


0.144 




Repeated measure ANOVA between 
conditions: p = 0.002 


Repeated measure ANOVA between 
conditions: p = 0.002 


Repeated measure ANOVA between 
conditions: p = 0.029 


Midfoot 


Comparison 


Mean 
difference 


change * p-Value of post 
hoc test 


Mean 
difference 


change * 


p-Value of post 
hoc test 


Mean 
difference 


change * 


p-Value of post 
hoc test 


1 vs. 2 


8.2 


-9.2% NA* 


2.8 


+23.3% 


<0.001 


4 


+21.2% 


0.002 


2 vs. 3 


0.2 


+0.1% NA* 


0.7 


+4.7% 


0.104 


1.2 


+5.2% 


0.113 


3 vs. 4 


4.3 


+5.4% NA* 


6.6 


+42.6% 


<0.001 


12.4 


+51.5% 


<0.001 




Repeated measure ANOVA between 
conditions: p = 0.052 


Repeated measure ANOVA between 
conditions: p < 0.001 


Repeated measure ANOVA between 
conditions: p < 0.001 



The four insole conditions are: 1. baseline; 2. pre-plug removal; 3. post-plug removal; and 4. post-plug removal plus arch support. 

Note: Due to the main purpose of our study is to test the effect of plugs removal (comparison between 2 vs. 3), arch addition (3 vs. 4), and the original insole 
itself (1 vs. 2), the results about condition 1 vs. 3, 1 vs. 4, and 2 vs. 4 are not shown in the Table 3. 

# A decrease (-) in the % indicates that the latter insole condition recorded a lower value than the former and an increase (+) in the % indicates that the latter 
insole condition recorded a higher value than the former. 

* Post hoc test for pairwise comparison between each two of the four conditions is not required if repeated measure ANOVA shows no significant difference 
between the four conditions. 



ii 



ttt 



I 



Figure 6 The graphs of mean peak plantar pressure of a patient with ROI located in the MT2-3 area in the four experimental insole 
conditions, (i) baseline; (ii) pre-plug removal; (iii) post-plug removal; and (iv) post-plug removal plus arch support. Note the mean peak plantar 
pressure value of ROI is reduced gradually following removal of the plugs and addition of an arch support. 
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insoles were observed (Figure 6). The contact area and 
maximum force in the midfoot region increased signifi- 
cantly (51.5% and 42.6%, respectively). These results 
showed that an arch support can share the mechanical 
load and may explain its effect on further offloading. 

For plantar ulceration prevention, emphasis is often 
focused on the forefoot area where the incidence of ul- 
ceration is highest [23-25]. Prefabricated insoles have 
been shown to be useful in plantar pressure reduction 
and many of them have a slight moldable capacity over 
the midfoot or rearfoot portion [11,26-29]. For the fore- 
foot portion, however, there is limited capacity for heat 
molding or offloading to create a cavity for target region 
isolation. Therefore, we believe that if the concept of re- 
movable plug design is introduced into the prefabricated 
insoles which are currently available on the market, it 
may be possible to achieve both individualization and 
further forefoot pressure offloading. Further study will 
be needed to evaluate the feasibility of this concept. 

The findings of this study should be viewed in light of 
some limitations. First, we were unable to evaluate the 
shear force in the foot-insole interface using the in-shoe 
pressure instrument. However, a previous study showed 
that the peak plantar pressure was highly correlated with 
the maximum shear stress (magnitude and depth: r = -0.61 
and 0.91, respectively), which can lead to tissue injury 
and skin breakdown [30]. Therefore, we believe our re- 
sults provide evidence of the clinical benefits of insole 
use in terms of reduction in mechanical harm. Second, 
although the plantar pressure can be decreased and 
risk might be lowered using the removable plug insole, 
the direct effectiveness on ulcer healing and preven- 
tion cannot be confirmed. Finally, the pressure- 
redistributing properties of insoles could be reduced 
after daily wear owing to material degradation and/or 
the participants acclimatising to the insoles which was 
not evaluated in the experiment [31]. Therefore, our 
study should be viewed as a preliminary study and fur- 
ther trials are necessary, especially with respect to the 
following issues: (i) the effect of insoles with removable 
plug design on wound healing facilitation and preven- 
tion; (ii) the efficacy of a more cost-effective force plate 
for high plantar pressure area recognition to guide plug 
removal [32]; and (iii) the effect of extended wear of 
removable plug insoles on pressure-redistribution 
properties. 

Conclusions 

In conclusion, offloading plantar pressure by using insoles 
with removable plug design can lead to forefoot plantar 
pressure reduction in patients with diabetic neuropathic 
feet. Use of an arch support further facilitates the 
offloading effect. Further prospective research on the clin- 
ical benefits of this kind of insole design is needed. 
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